Purified cell-free extracts of Klebsiella pneumoniae reduce N2, N3-, CN -, or pneumoniae, but attempts to estimate the Km for N2 reduction were unsuccessful, owing to the weak activity of the preparations. We have now obtained much more active preparations (6) that allow kinetic studies to be made not only for the reduction of N2, but also for the alternate substrates, cyanide, azide, and acetylene.
C2H2, CN-, N3-, and ATP. Inhibition studies of K. pneumoniae nitrogenase indicate that ADP competitively inhibits C212 reduction. Also, the reducible substrates, N3-and CN-, inhibit C2H2 reduction. The inhibition by azide is noncompetitive, that by cyanide is mixed.
Although the kinetic properties of nitrogenase from the strict aerobe, Azotobacter spp. and for the strict anaerobe, Clostridium pasteurianum have been reported by several groups of workers (1) (2) (3) (4) , few investigations have been made with the enzyme systems from the facultative anaerobes, Klebsiella pneumoniae and Bacillus polymyxa. Mahl and Wilson (5) reported the first cell-free extract that fixed N2 from K.
pneumoniae, but attempts to estimate the Km for N2 reduction were unsuccessful, owing to the weak activity of the preparations. We have now obtained much more active preparations (6) that allow kinetic studies to be made not only for the reduction of N2, but also for the alternate substrates, cyanide, azide, and acetylene.
MATERIALS AND METHODS Preparation of cell-free extracts
Cultures of K. pneumoniae M5al were grown and harvested as described, (5, 6) with the exception that 25 mM Tris * HC1 (pH 7.4) (7 ml/liter of culture; Sigma Chemical Co., St. Louis, Mo.), was used instead of phosphate buffer. Although cell-free extracts were routinely prepared by the use of a French pressure cell, active extracts have also been prepared by the use of lysozyme, deoxyribonuclease, and a detergent.
Cell-free extracts were used fresh or stored frozen. The method of storage was to freeze the extract in a capped serum bottle that had been placed in a Brewer jar that had been evacuated, flushed, and filled with N2.
Purification of nitrogenase
The crude extract (30-40 mg of protein/ml) was heated at 650C for 5 min in 15-ml centrifuge tubes sealed with rubber stoppers through which N2 gas could be flushed. After cooling to 10'C in an ice bath, the extract was centrifuged at 25,000 X g for 30 min, resulting in a supernatant solution containing 14-16 mg of protein/ml. The heat treatment resulted in about a 2-fold increase in specific activity (N2 reduction), but with a loss of about 40% of the total units of activity.
Some of the protein removed by routine heat-treatment includes the classical hydrogenase system of this bacterium, which is responsible for H2 evolution from reduced methyl viologen or pyruvate; however, the ATP-dependent hydrogenase activity (associated with nitrogenase) increased concomitantly with the N2-reducing activity. The method of anaerobic DEAE-cellulose chromatography was that described by Detroy et al. (7); we used 2.5 X 10 cm columns of DEAE-cellulose (Sigma), with an exchange capacity of 0.9-1.10 meq/g.
Assays
The methods for assay, essentially those routinely used in this field, have been described (4, 5, 8, 9) . For the Nrreduction assays, an atmosphere of N2 was used in the duplicate experimental bottles and an atmosphere of He was used for the controls. NaN3 (Eastman Organic Chemicals, Rochester, N.Y.) and KCN (City Chemical Co., New York) were supplied at 10 mM concentrations under a He gas phase. The ammonia produced from either of these substrates was distilled by microdiffusion and quantitatively analyzed by nesslerization. The acetylene reduction assay consumed 0.3 cm3 of C2H2 (The Matheson Co., Inc., East Rutherford, N.J.), which was injected into the He gas phase of duplicate 6-ml serum bottles. Controls for each of these assays (azide, cyanide, and acetylene) were performed by the use of complete reaction mixtures without substrate. The reactions for N2 and N3-reduction were incubated at 30'C, while those for CN -and C2H2 reduction were incubated at room temperature, for 10 min, in each case.
Experiments in which substrate concentrations of ATP were used instead of the ATP-generating system (10) Fig. 3 . 
Inhibition of K. pneumoniae nitrogenase
Because the presence of creatinephosphokinase in the generating system complicates the interpretation of the results, since the action of an inhibitor may be on this enzyme, substrate concentrations of ATP were used in all the inhibition studies. By the use of crude extracts of C. pasteurianum and substrate concentrations of ATP, Moustafa and Mortenson (10) found that ADP inhibits the C2H2 activity of the nitrogenase in this bacterium. The C2H2-reducing activity of K. pneumoniae is similarly inhibited (90%) at an ADP concentration one-half that of ATP. Under similar conditions, inhibition by 5'-AMP is 60%. That the inhibition is not due to binding of Mg++ by ADP was established from an experiment in which Mg++ was added in equimolar concentration to the ADP.
A (reciprocal) Lineweaver-Burk plot indicated that ADP competitively inhibits C2H2 reduction when substrate con- activity within the cell, with NH4+ acting as a means for coarse control by regulating the synthesis of nitrogenase (6 with the exception of the KN,, which was found to be 0.12 atm.
